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(57) ABSTRACT 

A free channel selector for selecting from arpliirality^fcri 
channels an optimal channel for establishing radio commu- 
nication. The channels may be selected by a radio frequency 
(RF) module for outputting sampled signals carried on that 
channel. The selected signals are digitized and provided to 
a peak detector. The peak detector compares the strength of 
the signals from the various channels. A memory device, 
having an array of cells, is provided for storing values 
representative of the sampled signals of each of the plurality 
of channels, each of the stored values being stored in a cell 
having an address indicative of the channel on which the 
signal represented by the stored value is carried. A stored 
value corresponding to the lowest signal strength is selected 
as being the free channel. Communication wiU then occur 
over that channel. 

20 Claims, 4 Drawing Sheets 
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Fig. 1 



ANTENNA 



• 20 



10 



R 

MODULE 



-22 

24 /^^ r30 

R5SI 



TV 



A/D 
CON- 
VERTER 




26 



42 



40^ 



16 



MICRO 
CONTROLLER 



7 



I 



32 
16 



4. 

EOC. 



PEAK 
DETECTOR 



CONTENT 
IADDRE55- 
ABLE 
MEMORY 
(CAM) 



[7=0 



REG-C5 



18 



CHANNEL 
LATCH 



-44 



"^28 



04/22/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 26, 2002 Sheet 2 of 4 



US 6,487,418 



Fig. 2 A 
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Fig. 2B 
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FREE CHANNEL SELECTION METHOD 

CROSS REFERENCE TO RELAI^ED 
APPLICA'nONS 

This is a CoDtinuaiioo of application Ser. No. 08/861,963, 
filed May 22, 1997, now U.S. Pat. No. 6,021,314, which 
application is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the laventioa 

The present invention relates to an apparatus and method 
for cordless telephonic communication and, more 
particularly, for selecting a free channel for such commu- 
nication. 15 

2. Brief Description of Related Technology 

f CqFdlessj or wireless, telephones typically includ^T^basc^ 
(^tiao.and^a separate handset unit which is typically adapted 
to be seated in a cradle formed in the base station. The 
general operation of the wireless telephone is controlled by 
a micro controller integrated therein. Such telephones arc 
commonly capable of operating, i.e., ^trans mittin g-and 
receiving ~ si gnals.'"on'-an v-one-of' arDUmberlo f "septat e 
Channcb. A radio~frequency (RF) module is typically uti- 
lizcd by the micro controller for establishing communication 
on a single channel, the selection of which channel is 
discussed below. cTimcrdiyision^ multiplexing, such as 
duplexing, may be utilized to both trans mit and rece ive 
signals on the same channel. 'l rahsmit^and! rec&ivc nime.&lHs 
are— aUocalea-so-signals-are-alternattlyZ! transmitted^ 
receivEdri^pcclTvelY rig'tfae'diff erent-time-slotSt The trans- 
mit and receive time slots are of substantially equal duration 
and may be non-overlapping. 

To select a channel for communication, the telephone 35 
automatically samples signals from each chaimel to deter- 
mine which channel is free, i.e., has the least amount of 
signal trafiBc on it. The free channel selection is performed 
according to a predefined algorithm. One example may be 
that each of the channels is examined, or sampled, for radio 
frequency activity for a period of time from between 200 
milliseconds (ms) to 2 seconds. The channel with the lowest 
radio frequency activity is the optimum channel to be used 
to establish a radio link between the handset unit and the 
base station. The signal samples, however, are valid for only ^5 
a predetermined period of time. '^Therefore, all channels must 
be sampled and re-examined repeatedly. 

'ilie free channel selection function is performed typically 
by the micro controller according to software instractions 
stored therein. Accordingly, the micro controller seLs the RF 50 
module to a particular channel. In one embodiment, the 
signal is then sampled at least four times during a 2 ms 
transmit/receive window, A tRcoeiv.eiSig nal-Stre ngth-lDdio 
cator (RSSDcircuit't henprovides t hcZstrengUrof :t hesignal; 
samples. llie-micro.coDtrol^ 7eads^tKO^SSI--level-for -the 55 
Cjjg^iso f-cactrcfaann&l-and .-usingconvcntionat-comparisoo 
{iecfin iques,^.selects-forHradiO"CommumcSioD^ 
"having- thc-lowest-RSSMeve I . 

A disadvantage of the foregoing process and system is 
tbat substantial overhead is added to the micro controller, 60 
which inhibits the micro controller from performing other 
system tasks. Another disadvantage of the foregoing process 
is that it also shortens the life of the battery in the handset 
unit. One solution to this drawback is to use a faster, more 
powerful micro conu^oUer which can manage the additional 65 
overhead. But, such a micro controller increases the cost of 
the telephone and increases the power requirement to oper- 



ate it. Since the handset of a cordless telephone draws its 
power from a battery, increased power demands drain the 
battery faster, thereby decreasing the operating time. 

Therefore, what is needed is an apparatus and method in 
which the free charmel selection of a cordless telephone is 
performed without unduly burdening the micro controller 
and without requiring increased amounts of power. 

SUMMARY OF THE INVENTION 

The present invention, accordingly, provides an ^apparatus 
gndmetho d in which the free channel selection of arordlcss 
telephone is performed without unduly burdening the micro 
controller and without requiring increased amounts of 
power. To this end, a free channel selector of the present 
invention comprises^an-A/D converter-which-digitizes-the 
R^lIIsigMl- from~a~ r adio -frequencv_( RF)^od ide_for'a 
CMlected_and-moDiiored~-cliinne]. The A/D converter 
generates, for each of alpluralit y ofch annels^^a first si^al 
indicative of the strength of the signals transmitted on the 
respective channel, and an end of conversion (EOC) signal. 
The first signal and the EOC signal are then provided to a 
peak detector circuit which compares the strength of the first 
signal to the signal strength of a previously selected channel. 
A..memo"r y"devic e having an array of cells is provided for 
(Storing-values-reprcsenlativo-of-tbc-signal-strengib-of the 
cHanherhavihg'llK'leasrsjgnal activity7wherc~the stored 
values stored in a cell having an address indicative of the 
channel on which the first signal represented by the stored 
value is carried. 'ITie address of the selected stored value is 
indicative of the free channel. 

An advantage achieved with the present invention is that 
it enables tliejiserQfj5latiVely4nexpensive.imcro.controllers 
that.require_relativelyIlirtlel power in cordless telephone s, 
(IherebylexteDdihg^bati^^ 
telephone? 

Another advantag e achieved with the presentinyention is 
that it ffcccs-up-the-micro-controller-to-performToUiefllasks 
wJiiIcIth*eI&et^EinneI^lectiog:pi^^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the free channel selector 
of the present invention; 

FIG. 2 is a flow chart illustrating control logic for oper- 
ating a controller of the free channel selector of FIG. 1; and 
FIG. 3 is an embodiment of the peak detector circuit of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, an embodiment of the free channel 
selector of the present invention is shown. T Ti&7sele5or4iOO 
(f6rms-a-portioQ.ola-Cordless.telephone-system) not shown 
in its entirety, but which is well known in the art. It is 
understood that the general operation of the telephone is 
controlled by a micro controller 12 in a manner well known 
to those skilled in the art. 

The selector 10 includes a radio frequency (RF) module 
14 electrically connected to the micro controller 12 via a 
micro controller bus 16 for-reccivip EZCQntrohsig Dals-fo r 
setting -tbo-RF - modukr-to-a-particular-cbannclr-j An antenna 
20, configuredTor receiving radio signals on the numerous 
channels on which the telephone operates, preferably foily 
channels, communicates the received radio signals via a line 
22 to an input of the RF module 14. ITie RF module 14 
includes a bandpass filter (not shown) which pas.ses that 
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portion of the signal carried by the selected channel. The determine the maximum RSSl level of the signal thereon. In 

analog signal carried on the selected channel is then output step 210, the clock is cleared to zero and, in step 212, the 

from RF module 14, via line 24, to an analog-to-digital clock is started. In step 214, the controller 12 reads the clock 

(A/D) converter circuit 36. Suitable A/D converters are to determine whether 2 ms have elapsed. If a determination 
shown in the art. 5 is made that 2 ms have not elapsed, then execution returns 

The peak detector 26 is connected to the A/D converter 36 to step 214; otherwise, execution proceeds to step 218. In 

via two lines 30 and 32 for receiving, respectively, a 4-bit step 218, a stop signal is transmitted via the line 16 to the 

digitized signal in this example and an end of conversion peak detector 26, thereby causing the peak detector to slop 

(EOC) signal. During a lime interval between the receipt of sampling and to output the maximum RSSI detected onto the 
a start signal and a subsequent stop si^al, the peak detector 30 line 40. 

26 samples the signal on the line 30. in step 220, the controller 12 uansmits an enable signal to 

Peak detector 26 is preferably implemented as follows. the AMD converter 36 to cause it to receive the signal on the 

Referring to FIG. 3, a 4-bit inpul from A/D converter 36, on line 24, to convert it to a digital signal, and to then output the 

line 30, which represents the digitized analog signal sampled digital signal onto the line 30. In step 222, the controller 12 

from antenna 20 by RF module 14 is inpul to a pair of transmits the contents of the counter to the CAM 42. In step 

registers 62 and 64. End of conversion signal (EOC) on line 224, the controller 12 transmits, via the bus 16, a write signal 

32 from the A/D converter is used to latch in to register 62 to the channel latch 28 instructing the latdi 28 to write the 

the 4-bit signal at the end of each conversion of A/D data represented by the digital signal on the bus 40 to the cell 

converter 36. Register 64, meanwhile, holds Ihe value of Ihe having an address specified by the value on the bus 44, 

signal having the highest value up to this poini. 'ITie outputs which is the value of the counter. It is understood that the 

of registers 62 and 64 are input to a comparator circuit 66 cell address may also be specified by an offset to the value 

which compares the output of register 62, the incoming of the counter. 

signal sample, with the output of register 64, the previously ,q ^tep 226, the controUer 12 increments the counter by 
highest signal value. If the incoming signal is higher than the gi^p 228, a determination is made whether the 

previous signal held in register 64, an enable signal from the 2^ ^^^^^^^ ^ ^^^^ ^.^^^^ ^j^^^^^j ^^^^^^^ ^^.^^ 

comparator is ANDed with the EOC signal 32 from A/D preferably is 40. If it is determined thai the counter is not 

converter 30 and the new signal value is mput into register eq^ai highest channel number, then execution returns 

64 as the new highest value signal. The output of register 64, to step 206. If it is determined that the counter is equal to 40. 

aside from being inpul to comparator 66, is provided to a then execution proceeds to step 230. 
content addressable memory (CAM) 42. . , ,. . ... 

IT. .r-.n^ ■ . J . L >.A f • • .L In step 230, the controller 12 transmits a search signal to 

The CAM 42 is connected to bus 40 for receivmg the . r^^JiA'tj- ■. . u.u n c: j 

. , f J . f £A Tt.^r^ A ^ii-A'y-^ ^ ^ the CAM 42 du-ecting It to search the cells of Its memory and 

4-bits of data from register 64. The^CAM-.42Tndudes , , . c n u • .i. i 

_ V £_ . . J . . ~ • 3 — determine the address of the cell having the value repre- 

S^^^^-^^^Sr^^'^.'-''^'^^'^^ the lowest RSSI level on a chamiel.cliican be 

tH^Bu5^40?The CAM 42 .s ajso connected to a bus 44 for appreciated. that.lhe^a'ddr^of-therSU^h^in^thejSw^ 
receivmg control signals and address data bits from the ; , ~. i i. i - -u— u-Tir^ 

.11 n if II UTUTT, ^1 r .u .RSSi-lcyelrreprescntsztheroptimahchannelron-which-the. 

controller 12, via channel latch 28. Tne address from the ."T J u u . t . .u . n 

J . .u u 1 u f .u DC -telephone„should_operatoi-.In step 232, the controller 12 

controller 12 corresponds to the channel number for the RF — — ^ — . . .l l aa 

. ,.. ijr™. 11 J L transmits a signal to the CAM 42 to output onto the bus 44 

channel being sampled. The control signals received on the , n i-^ • l ii.u-io.t. t. c.i. 

. ■ 1 J LI- 1 J- _r .1. j^Akj >«i . to the controller 12, via channel latch 28, the number of the 

bus 44 include enablmg signals dtrectmg the CAM 42 to, .• , l i r • i- .i. 

. , , , -.^—^.1 . -T,?.^-^ ,~^o 40 optimal channel for communication. Execution then returns 

respectively, \ ynte-data t o ,0»Il"via_REG-CS_si£nalU8. to step 202 
search for a data cell addre ss, a nd output data to the micro ^ 

controller bus 16 via signal W 21. It isTinderstood tbat-the The present invention has several advantages. For 

CWvt-42 can scarch.lhclcontcntsiof thclcel&arid-return-ttie example, relatively inexpensive micro controllers that 

addrcss-and-contents of the cclj^ haying, the Idwest^aliTc require relatively little power may be used in cordless 

siorea^fiei^mrwhicfijidd^ to a telephones, thereby extending battery life and the usefulness 

corresponding channel number. Because CAMs are well of the telephone. Further, the micro controller is freed up to 

known to those skilled in the art the operation of the CAM perform other tasks while the free channel selection process 

42 will nol be described in further detail. is being performed. Moreover, the foregoing advantages are 

TTie controUer U, furthermore, includes a memory (not achieved without requiring any significant additional power 
shown) for storing control logic instnictions, a counter (not operate the telephone. 

shown) for storing a six bit number representing the channel It is understood that several variations may be made in the 

being sampled and an address in the CAM 42, and a clock foregoing without departing from the scope of the invention, 

(not shown). Suitable controllers are known in the art. For example, the CAM 42 may be configured to store as 

FIG. 2 is a flow chart illustrating control logic for oper- 55 coupled pairs the channel numbers together with their 

ating the free channel selector 10 in accordance with the respective signal strengths and to sort the pairs according to 

present invention. It is understood that the logic may be their signal strengths in either ascending or descending 

implemented by instructions stored in the controller order. The optimal channel would then be that channel in 

memory. either the highest or lowest memory cell. 

In step 200, the controller 12 is powered up and, in step 50 Although illustrative embodiments of the invention have 

202, the counter is cleared to zero. been shown and described, a wide range of modification. 

In step 206, the controller 12 sets the RF module 14 to the change, and substitution is contemplated in the foregoing 

channel indicated by the transmitted value of the counter disclosure and in some instances, some features of Ihe 

Hence, the RF module 14 will be initially set to channel 0. present invention may be employed without a corresponding 

In step 208, the controller 12 transmits a start signal via 65 use of the other features. Accordingly, it is appropriate that 

the line 16 to the peak detector 26, thereby causing the the appended claims be construed broadly and in a manner 

detector to start sampling the signal on the line 30 and to consistent with the scope of the invention. 
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What is claimed is: 

1. A method for selecting a free cbamiel from a plurality 
of channels for radio communication, the method compris- 
ing: 

generating, for each of the plurality of channels, a first 
signal indicative of the strength of the signals on the 
respective channel; 

storing, in an array of content-addressable memory cells, 
values representative of the first signals of each of the 
plurahty of channels, each of the stored values being 
stored in a cell having an address indicative of the 
channel on which the first signal represented by the 
stored value is carried; and 

selecting a stored value corresponding to a desired signal 
strength, wherein the address of the selected stored 
value is indicative of the free channel. 

2. The method of claim 1 further comprising providing a 
peak detector for performing the step of generating. 

3. The method of claim 1 further comprising providing a 
content addressable memory circuit for performing the steps 
of storing and selecting. 

4. The method of claim 1 further comprising providing a 
peak detector for perfonming the step of generating, and a 
content addressable memory circuit for performing the steps 
of storing and selecting. 

5. 'Vhe method of claim 1 wherein each of the plurality of 
channels is identified by a first number and the address of 
each of the cells is identified by aseoond number equal to the 
sum of a channel number and an offset. 

6. The method of claim 1 further comprising finding a cell 
having a minimal level of transmission activity. 

7. The method of claim 1, wherein the desired signal 
strength is a minimum signal strength. 

8. The method according to claim 1, wherein the handsel 
and base unit communicate using CT2 interface specifica- 
tion. 

9. A method for selecting a channel for use between a 
cordless telephone handset and a base unit from a plurality 
of possible channels, comprising the steps of: 

during a time segment for one of the possible channels, 
measuring a value of the signal strength present on one 
of the channels using a peak signal detector and storing 
the signal strength value within a content addressable 
memory; 

for at least one or more of the channels, rcpeatmg the steps 
of measuring and storing; 

reading a channel number from the content addressable 
memory to determine which channel corresponds to a 
desired measured value; and 

using the channel number to identify a channel for com- 
munication between the handset and the base unit. 

10. Tht method according to claim 9, wherein the 
received signal strength measurement is performed within 
the handsel. 

11. The method according to claim 10, wherein the 
handset and base unit communicate using CT2 interface 
specification. 

12. The method according to claim 9, wherein the desired 
measured value in the reading step corresponds to a mini- 
mum measured value stored within the content addressable 
memory. 

13. A method for selecting a free channel for use between 
a cordless telephone handset and a base unit &om a plurality 
of possible channels, wherein the handset and base unit 
communicate on each of the possible channels using a 
communication frame consisting of a transmit window fol- 
lowed by a receive window, comprising the steps of: 
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during a time segment for each of the possible channels, 
selecting one of the possible channels, setting an RF 
module to the selected channel, after waiting a first 
period of time from the setting of the RF module, 

^ measuring a vahie of the received signal strength for 
the selected channel using a peak si^al detection for a 
second period of time, and storing the signal strength 
value within a content addressable memory; 

10 while the handset and base unit are not in use and after a 
delay of a third period of time, continually selecting the 
channel corresponding to an oldest stored value and 
repeating the steps of setting the RF module to the 
selected channel, measuring the received signal 
strength value, and storing the signal strength value; 
and 

when the free channel is required for using in establishing 
communications between the handset and the base unit, 
20 reading the channel number from the content address- 
able memory which possesses a minimum measured 
value; and using the read channel for communication 
between the handset and the base unit. 
^ 14. The method according to claim 13, wherein the 
received signal strength measurement is performed within 
the handset, and the measuring step is further defined as 
comprising: 

transmitting the received signal strength from RF transmit 
30 and receive circuitry into the at peak detector; 

transmitting the peak detector output to an A-to-D con- 
verter; 

sampling the received signal strength using the convener; 
35 and 

controlling the operation of the peak detector and the 
operation of the converter by a control block upon 
receipt of signals from a microcontroller. 
^ 15. The method according to claim 14, wherein the 
desired measured value corresponds to an optimal measured 
value stored within the content addressable memory. 

16. The method according to claim 15, wherein the 
handset and base unit communicate using CT2 interface 

*5 specification. 

17. An apparatus for selecting a channel for use between 
a cordless telephone handset and a base unit from a plurality 
of possible channels, comprising: 

50 means for measuring a value of the signal strength present 
on one of the channel using a peak signal detector 
during,la time segment for each of the possible chan- 
nels; 

means for storing the signal strength value within a 

content addressable memory during a lime segment for 

each of the possible channels; 
means for selecting another of the channels and repeating 

the steps of measuring and storing the signal strength 
60 value until each of the possible channels has been 

measured and a corresponding value stored; 

means for reading the channel number from the content 
addressable memory which possesses a desired mea- 
sured value; and 

means for using the read for communication between the 
handset and the base unit. 
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18. The apparatus according to claim 17, wherein the 
desired measured value corresponds lo a minimum mea* 
sured value stored within the content addressable memory. 

19. The method according to claim 18, wherein the 
received signal strength mcasuremeot is performed within 
the base unit, and the measuring step is further defined as 
comprising: 

transmitting the received signal strength from RF transmit 
and receive circuitry into the peak detector; 

transmitting the peak detector output to an A-to-D con- 
verter; 
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sampling the received signal strength using the converter; 
and 

controlling the operation of the peak detector and the 
operation of the converter by a control block upon 
receipt of signals from a microcontroller. 
20. ITie apparatus according lo claim 19, wherein the 
handset and base unit communicate using CT2 interface 
specification. 
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UNITED STATES PATE^fT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,487,418 Bl Page 1 of 1 

DATED : November 26, 2002 

INVENTOR(S) : Maganaetal. 



It is certified thai error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 6. 

Line 30, "the at peak" should read -- a peak --. 

Line 52, "the channel using" should read - the channels using --. 

Line 52, "during ,la time" should read - during a time — . 



Signed and Sealed this 
Eighth Day of April, 2003 




JAMES E. ROGAN 
Director of the Untied Suites Patem and Trademark Office 
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